
Geology and Mineralogy

This document consists of 20 pages* 
Series A*

OF THE H!EEHIOK

GEOLOGICAL SURVEY

URAHIUM A5B TEORIUM H THE ACCESSORY ALLAHITE 

OF IGHEOUS ROCKS*

By

William Lee Smith, Mona L. Franck, and 

Alexander M. Sherwood

March 1956

Trace Elements Investigations Report 398

This preliminary report is distribut 
without editorial-and technical revi 
for conformity with official standatf 
and nomenclature. It is not for pubH 
inspection or quotation,

*This report concerns work done on behalf of the Division 
of Research of the U» S» Atomic Energy Commission*

GEOLOGICAL SURVEY
DENVtR, COLO



USGS -

Distribution (Series A) go, of copies
Atomic Energy Cbjmnission, Washington ...........*......*...... 2
Division of Raw Materials, Albuquerque ....................... 1
Division of I?aw Materials, Austin ............................ 1
Division of Raw Materials, Butte ............................. 1
Division of Raw Materials, Casper ..........o................. 1
Division of Raw Materials, Denver ............................ 1
Division of Raw Materials, Ishpeming ......................... 1
Division of Raw Materials, Phoenix ........................... 1
Division of Raw Materials, Rapid City ........................ 1
Division of Raw Materials, St. George ............o........... 1
Division of Raw Jfeterials, Salt Lake City ....... ? ............ 1
Division of Raw Materials, Washington ........................ 3
Division of Research, Washington ............................. 1
Exploration Division, Grand Junction Operations Office ....... 1
Grand Junction Operations Office ............................. 1
Technical Information Extension, Oak Ridge ................... 6
U. S, Geological Survey:
Fuels Branch, Washington ..................................... 1
Geochemistry and Petrology Branch,, Washington ................ 25
Geophysics Branch, Washington ................................ 1
Mineral Deposits Branch, Washington .......................... 1
P. C. Bateman, Menlo Park .................................... 1
A. L. Brokaw, Grand Junction ................................. 1
N. M. Denson, Denver ......................................... 1
V* L. Freeman, College ....................................... 1
R. L, Griggs, Albuquerque .................................... 1
A. H, Kosehniann, Denver ...................................... 1
L. R. Page, Washington ....................................... 1
Q. D..Singewald, Beltsville ................,. s ............... 1
A* E* Weissehborn, Spokane ................................... 1
!EEPCO, Denver ..*...,...*..*,.,..............,..............*, 2
TEPCO, RPS, Washington, (including master) ......».,....».**», 2



Page

Abstract .».».»»»«.,.*«,.., *,....*.*...*,.,»,,.».«,*»»»»..«...»...«..». k
Introduction ........................................................ 4
Mineralogy .......................................................... 5

Separation methods ............................................. 5
Optical properties ............................................. 6

C head, stry .......»..»..**..«*.*.,....,...,..,.«*.,.»** t ,*.,. f **....., 8
Chemical analysis .  «,*«.».»..»., «.... » .«*  *  .* *.». .«»*  8
-Spectroscopy   ...,, *...,«»..,.«*»,...»«.«.»«.»».... .»« »*«..,.» 9
Radioactive components ........................^................ n

Petrography .a..*.......,.,,...,.,.,.............*.....*,...*..*..*,. 16
-Metaiaietization ..................................................... 17
Acknowledgments ................................... ? ................. 19
References .....a....***...,..,..*.*..*.....................,..,..... 19

ILLUSTRATIOIS

Figure 1» Percent eU as related to birefringence in allanite from 
lew Hampshire, Idaho, and California ..................

2, Percent eU as related to beta index in allanite from New
Hampshire, Idaho, and California ......................... 13

TABLES

Page 

Table 1» Indices of refraction of allanite from igneous rocks ,.«»«* 7

2. Chemical analyses of allanite from Cascade, Idaho; Conway,
New Hampshirej and Riverside, California .................. 8

3. Semiquantitative spectrographic analyses of allanite ..»»*. IQ

4. Radioactive components of allanite from igneous rocks *»,,» 12

5. Uranium content of accessory allanite and of its host
rocks o.................................................... 15

6* Uranium content of epidote from California rocks .......... 16

7« Incidence and abundance of accessory allanite ............. 17



UBAIU3H MD THOK1UM H" THE .ACCESSORY 

OF IGUSQUS EOCS3

By William Lee Smith, ffona L» Franck, 

and Alexander M. Sherwood

ABSTRACT

Accessory allanite was separated from phaneroerystalline igneous 

rocks and its optical properties and radioactive components were com 

pared. The indices of refraction of these allanite samples are higher 

than those from the pe^aatites that are usually described in geologic 

literature. The birefringence was found to range from 0.015 to 0.021, 

the a index of refraction from 1.690 to 1.775. The allanite content 

ranged from 0*005 to 0*25 percent by weight in the rocks studied. The 

mineral is confined largely to the more siliceous phanerites. The ura. 

nium content is highest in the allanite from granites, regardless of 

area, ranging from 0*00^ to 0*066 percent, whereas the thorium content 

is high or low regionally, ranging from 0.55 to 2,33 percent. Allanite 

was found to be otherwise of exceptionally uniform composition.

IMIQDUCTIOB

Allanite, (Ri,* Ca)2(Fe,Al)3Si30i2(OH), may occur as an accessory 

mineral in siliceous and intermediate igneous rocks, in limestone eon- 

tact skarns, pegmatites, crystalline metamorphic rocks, and as a com 

ponent of magmatic iron ores. The mineral is monoclinic and varies in 

color from light brown to black. Its hardness ranges from 5 to 6 ,depend-

*Rare earths



ing upon its degree of alteration, and similarly its specific gravity 

varies from 3,4 to ^*2, Allanite is a member of the epidote group with 

rare earths substituting for calcium* Allanite is often found with 

epidote; some of it is intergrown with epidote (Hobbs, 1889). The meta- 

mictization of allanite produces an amorphous alteration product,, and 

some allanite from pegmatite is completely isotropic* The alteration is 

inferred to "be the result of the destruction of the crystalline structure 

of allanite by the radioactive decay of its uranium and thorium.

Separation methods

In the granitic rocks that were studied, allanite was found to aver 

age 0,1 mm in diameter, The rocks were pulverized on a rolls-type crusher 

which freed the allanite cleanly from its hosts. The allanite was gener 

ally found to concentrate in the 100- to 200-mesh size fraction, Allanite 

concentrates with the other accessory minerals in the sink of a methylene 

iodide separation (sp^ gr, 3*33)  It is easily separable from the other 

heavy minerals on a Frantz Isodynamic separator, allanite becoming mag 

netic between 0*4 and 0.6 amp at cross and longitudinal settings of 10 . 

When epidote occurs with allanite, the separation becomes more difficult. 

Methylene iodide saturated with iodoform (sp, gr. 3«^5) '^as found to 

float epidote and sink the allanite in the concentrates studied. Thus a 

minimum of hand-picking was required to obtain clean separates of the 

minerals *



Table 1. Indices of refraction of allanite from igneous rocks

Host rock

Southern California batholith

Coarse phase
Rubidoux granite, Riverside

Fine phase
Kobidoux granite, Riyerside

Woods on granodiorite, Descanso

,¥o,odson granodiorite, Temecula

Woodson granodiorite, Rainbow

Woodson granodiorite, Elsinore

Stonewall granodiorite, Cuyamaea

Mount Hole granodiorite, Mount Hole

Aguanga tonalite, Aguanga

Sierra Nevada batholith

Basin Mountain quartz monzonite

Idaho batholith

Porphyritie granodiorite, Cascade

Granodiorite, Stanley

Granodiorite, Atlanta

White Mountains, Hew Hampshire

Jfresh Connay granite, Conway

Weathered Conway granite, Coaway

Albany quartz syenite , Passaconavay

a

1*775

1.755

l.Tte

1.735

1,7^0

1*7^)

1.705

1.695

1.7^3

1.750

1.7^-0

1*7^1

1.752

1.721

1*720

1.690

P

1.789

1.750

1.760

1.750

1.755

1.755

1.717

1*710

1.760

1,766

1.751

1*776

1.768

1.758

1.757

1.700

7

1*791

1.752

1.765

1.755

1.759

1,760

1.720

1.71^

1.765

1-770

1.755

1,780

1*771

1*7^2

1.7^0

1.706

Birefrin 
gence

0.016

0.017

0»0l8

0.018

0.019

0.020

0.015

0.019

0,020

0.020

0.015

0.019

0.019

0.021

0.020

0.016
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CHEMISTRY 

Chemical analysis

Chemical analysis (table 2) of allanite from different areas and of 

different optical properties were made by Glen Idgington of the Geological 

Survey.

Table 2. Chemical analyses, in percent, of allanite from Cascade, 
Idahoj Conway, Hew Hampshire; and Riverside, California*!/

Constituent

Si02

A1203

Fe203

CaO

MgO

MaO

RsQ (total)

CeaOa

REgOs (other)

(Total RE inel. ThQ2 )

Total

Determined on separate 
samples by Sherwood 2/

Th02

U

Cascade 
granodiorite

30.35

7.56

18.14

12.90

1.43

0.38

2.00

11*06

15.69

(26.75)

99.51

1.2

0.0036

Conway 
granite

26.05

7.54

17.01

10.^5

0*81

0.58

5-60

12.^5

18.69

(31.14)

99.18

0.92

0.05^0

Rubidoux granite 
(fine), Calif.

29.75

8.42

20.68

8.95

0.91

0.31

2.40

11.38

15.81

(27.19)

98.61

0.76

0,0400

I/ Analyses made by classical methods outlined in Hillebrand and 
LundeTl (1929)*

2/ Uranium determined fluorimetrically. Thoria determined eolori- 
metrically by thoron method.



9 

Spectrescopy

Semiquantitative spectrographic analyses of nine allanites from

igneous rocks are compared in table 5. The minerals were separated from
 

rocks of the White Mountains, H« H., "batholith, the Southern California 

batholith, the Sierra Hevada batholith, and the Idaho batholith. The 

rocks include fresh and weathered alkaline biotite granites, a hypersthene- 

bearing leucogranite, four granodiorites, a quartz monzonite, and a porphy- 

ritic granodiorite. Despite variations in the optical properties, color, 

abundance, and origin of these allanite specimens, they are remarkably 

alike in composition.

Aside from the radioactive components, which are discussed separately, 

most of the variations in composition are within the limits of precision 

of the method. One immediately obvious fact is that each allanite contains 

the same 57 elements, with the exception of the absence of Tm from the 

Basin Mountain mineral and the absence of Lu from the Cascade granodiorite 

mineral. The variations, which seem to be regional, are the higher content 

of Nb, Be, and Sn in the .Hew Hampshire minerals, and the higher content of 

the elements Mn, Tl, Hi, and Cu in the Sierra Hevada specimen.

Among the rare earths, in all samples the order of abundance is 

Ce,(La,Hd,Pr), (Sm,Gd), variable traces of Lu, Ho, and Eu. Tm is the least 

abundant. Of the cerium earths the order is Ce,(La,Id,Pr), Sm, and lu. Qf 

the yttrium earths the order is (Gd,Dy), (Er,Yb,Lu), (Eo,Tnu)

This distribution of rare earths shows the most pronounced cerium 

assemblage (Rankama and Sahama, 1950) of any of the rare-earth minerals. 

Goldschmidt and Thomassen (1924) describe six assemblages of rare earths 

occurring in minerals including an allanite-type assemblage containing the
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Table 3.--Semiquantitative speetrographic analyses of allanite. Analysts Mona L» Franck

Kock

location

Percent

>10.

5-10.

1- 5.

0.5- 1.

Qol- 0.5

0.05- 0.1

0.01- 0,05

0.005- 0.01

0.001* 0*005

).0005- 0.001

>.oooi~ 0.0005

Fresh Conway 
granite

Conway, H. H.

Si Fe

Ge Ca

Al La Nd Pr

Th ¥ Mg

Mn Ti Sm Zr 
Gd

Dy Sr Er Yb

Ba Ib Pb ¥
Sc Lu Sn Ho

B iu Ga li

Cr Be Cu Co 
Tm

Weathered Conway 
granite

Com/ay, H. H.

Si Fe

Ce

Al Ca La Nd 
Th Pr

Y Mg

Zr Ti Sm Mn 
Gd

Dy Er Yb Sr

Ib Ba V" Pb 
Sc Sn Lu Ho

B Eu Ni Ga

Cr Cu Be Co 
Tm

Rubidoux 
granite , 

fine phase

River sicbe ? 
Calif.

Si Fe

Ce Ca Al

La Id Pr

Tb. Y Mg

Zr Ti .Mn 
Sm Gd

Dy Er Yb

Sr V Pb
Sc Ba Ho
Lu

B Eu Gd 
li

Cr Ib Cu 
Co Sn Tm

Be

.Woods on 
grano- 

diorite

Temecula, 
Calif.

Si Fe

Ce

Al Ca La 
Nd Pr

Mg I Th

Ti Mn Sm

Gd Dy Er

Zr Sr ? 
Yb Ba Sc
Pb

Ho B Eu 
Ga Lu Ni

Cr Ib Tm 
Co Cu ,Sn

Be

Woodson 
grano- 

diorite

Descanso, 
Calif.

Si Fe

Ce Al Ca

Nd .La Pr

Y Mg Th

Ti Zr Mn 
Sm Gd

Dy,Er B 
Yb

Sr Ba Pb 
¥ Sc -Ho
Lu

Eu Hi Ga 
Cu

Cr Ib Co 
Sn Tm

Be

Stonewall 
grano- 
diorite

Cuyamaca, 
Calif.

Si Fe

Ce Al Ca

Id La Pr

Th Y Mg

Ti Mn Sm 
Gd

Er Zr Dy 
Sr

¥ Yb Sc 
Ba B Ho
Lu Pb

Eu Ni Ga 
Cu

Cr Nb Tm 
Co Sn

Be

Quartz 
monzonite

Basin Mt. ? 
Calif,

Si Fe

Ce Al

Ca La Pr 
Nd

Mg Ti Mn

Th Y

Sm Zr Yb 
Dy Gd

Br Ba Sr 
Pb Sc ¥
Cu 11 ITb

Eu B Ga 
Lu Ho

Cr Co Sn

Be

Porphyritic 
granodiorite

Cascade,, 
Idaho

Si Fe

Ce Al Ca

La Id Th Pr

Mg

Ti Mn Y 
Sm

Sr Zr Gd

Dy Er ¥ Sc 
Ba Pb Yb

Eu B Ga li

Ho Cr Cu Co 
Sn Ib Tm

Be

Granodiorite

Atlanta, 
Idaho

Si Fe

Ce Al Ca

Nd La Pr Th

Y Mg

Mn Gd Ti Sm

By Sr Er

Yb £r ¥ Sc 
Lu Fb Ho

Ib Ba lu B
Ga li

Sn Cr Cu Co 
!3Qa

Be
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series La-Nd, minor amounts of Sm-Gd 9 and traces of other yttrium earths*

The sensitivity of the spectrographic method used for Ha is 0.01 per 

cent, for K is 0.3 percent, and for Li is 0.0^ percent* The most sensitive 

lines were not used for these analyses because their wavelengths are in the 

visible region of the spectra and the standard method covers from 2^50 A to 

^750 A.

Radioactive components

OJable k compares the Th and U contents, calculated elJ, Th/U, and opti 

cal properties of ten of the allanite samples. This radioactivity, called 

calculated total eU in table 4, is calculated (for beta counting), on the 

assumption of the secular equilibrium of both U and Th, by taking the sum 

of the percent U and one-quarter of the percent Th. The minerals contain 

no detectable potassium.

In the periodic system uranium and thorium belong to a different peri 

od than the rare earthsj however, because of their similarity in ionic 

radius, uranium and thorium may be incorporated in the structure of allan 

ite. The radioactive elements accompany the rare earths in monazite, 

xenotime, bastnaesite, chevkinite, doverite, and keilhauite. Allanite has 

a lesser amount of radioactive elements captured in its structure than 

zircon <, xenotime, or monazite, and it approximates the radioactivity of 

sphene, apatite, and the rare-earth carbonates.

Table k shows thorium to be high in the New Hampshire and Idaho miner 

als and low in the California minerals, regardless of rock type, Uranium 

is seen to be high in the allanites from granites regardless of the location,

Figures 1 and 2 show the relation of the calculated total percent eU 

to the birefringence and to the beta index of allanite samples.



12

Table k.  Radioactive components of allanite from igneous rocks

Rock and location

New Hampshire

Weathered Conway granite, Conway

Fresh Conway granite, Gonway

Idaho

Granodiorite, Stanley

Porphyritic granodiorite , Cascade

Granodiorite, Atlanta

California

Rubidoux granite, fine, Riverside

Stonewall granodiorite, Cuyamaca

Woodson granodiorite, Temecula

Woodson granodiorite, Descanso

Quartz monzonite, Basin Mountain

Ul/ 
(percent)

0,0656

0.05^0

0,00^-0

0.0056

Q.QQ^-5

O.C40Q

0.0111

0 0 QQ55

0.0102

0,0078

Th I/ 
(percent )

2,33

0,92

l.lA

1.05

0.99

0.6?

0,72

0.56

0.38

0.55

Th/U

35-5

15.1

286.

291.

220.

16,7

6^.8

101,

37.2

kk.6

Th as percent 
eU

0.583

0.202

0.286

0.26*1-

0.2^9

0.167

0.180

0.1^1

0*097

0.088

Calculated 
total eU 
(percent)

0.6^-9

0.256

0.296

0.268

0.253

0.207

0.191

0,146

0,107

0.096

Indices of refraction 
a p 7

1.720 1*737 1.7^0

1.721 1.758 1.7^-2

1.761 1.776 1.780

1*7^0 1.751 1-755

1 0 752 1.768 1.771

1,735 1-750 1,752

1»705 1.717 Ie720

1.735 1.750 1.753

1.7^5 1.760 1*763

1.750 1,766 1.770

7 - a

0.020

0.021

0,019

0.015

0,019

0.017

0,015

0.018

0.018

0.020

I/ Analysts A. M. Sherwood,
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1 black high-index allanite occurring in late ealcite-celestite veins 

cutting rare-earth-bearing carbonate rock from Mountain Pass, California 

(personal communication, H. W, Jaffe, 1955) has indices of refraction of 

a 1,790, £ 1.802, and 7 1.8l8; a U content of 0.0018 percent and Th in the 

range of 0,01-0.1 percent. J. P. Marble (19^0) describes isotropie allan 

ite from the Barringer Hill, Texas, pegmatite with n - 1.716, as contain 

ing 0.715 percent Th and 0.055 percent U. Wells (195^) presents the anal 

ysis of allanite from a Wyoming pegmatite with 1,12 percent Th and 0.017 

percent U. Button (1951) describes allanite from a pegmatite in Yosemite 

Rational Park, Calif., as containing 0.95 percent ThQ2 , 0.015 percent UQ2 , 

and optics a 1.769, £ 1.782, and 7 1.791. Microscopic study of five spec 

imens of black, vitreous allanite from pegmatites by E. S* Larsen, Jr., of 

the Geological Survey (Watson, 1917) describes a range from the isotropie 

to the birefracting forms of the mineral. The isotropie forms show indices 

of refraction from n = l»6o to 1.72, In a study of the radioactivity of 

allanite from igneous rocks Hayase (195*0 concluded that thorium was the 

major radioactive component, ranging from 0.5 to 1*6 percent.

The uranium content of rocks varies regionally, and generally in each 

region the more siliceous rocks have the higher uranium content. The 

relationship of high uranium allanite to high uranium rocks is apparent 

from observation (table 5), but it should be pointed out that only a percent 

or two of the total uranium in the rocks is traceable to allanite.

For comparison three samples of epidote were analyzed and show compara 

tively higher uranium contents for their rock type and area (table 6). 

Epidote is less abundant than allanite in the rocks studied. In all the 

rocks epidote was green and allanite was brown or black.
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Table 5« Uraoliam content of accessory allanite and of its host rocks. 
Analysts? A* M0 Sherwood, M. Molloy, and M. Schnepfe.

Rock, location U in allanite 
(ppm)

U in rock

Granites

Biotite granite, weathered, Conway, H. H, 

Biotite granite, fresh, Conmy, H, H, 

Leucogranite, fine, RiYerside, Calif. 

Leucogranite, coarse, Riverside, Calif, 

Albite granite, Sierra le-mda, Calif. 

Granodiorites

California, Mount Hole 

Cuyamaca 

Deseanso 

Temecula 

Idaho, Atlanta 

Stanley 

Cascade 

Quartz monzonites

California, Pine Creek 

Larnark

Basin Mountain 

Quartz syenite

Passaeonaway, I. H.

656

^00

50

12.0

13.0 

3.7

2.0

208

111

102

55

*5

ko

56

91

79

78

5.9

1.5

3.7

1*2

2,3

0.8

l.l

7.7

5.8

3,8

39 4,6
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Table 6*-*Uranlum content of epidote from California rocks, 
Analysts A. M. Sherwood

Uranium in epidote

Mount Hole granodiorite

Lamark quartz monzonite 220

Palisade quartz monzonite 180

PETROGRAPHY

Allanite was found to be present in the rocks studied in amounts 

ranging from 0*25 percent in the Cascade granodiorite to 0.005 percent in 

the Stonewall granodiorite. The abundance of allanite in a rock has no 

apparent direct relation to the uranium or thorium content of the rock or 

mineral and is not related to rock type or area. Of 8l rocks studied, 31 

were found to contain allanite. Ho allanite was found in any of 10 sili 

ceous lavas from the San Juan region of Colorado, lone was found in 5 

alkali c rocks from Sussex County ? Hew Jersey. Ho allanite was found in any 

basalts, norites, gabbros, diorites, or nepheline rocks, although geologic 

literature describes occasional occurrences of allanite within such rock 

types (Iddings and Cross, 1885)*

Table 7 lists the incidence and abundances of allanite in five suites 

of allanite-bearing rocks,
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Table 7» 'Incidence and abundance of accessory allanite,

Number Number of 
Location of rocks rocks with 

studied allanite

Idaho batholith 1^ 6

Sierra Nevada 6 k 
batholith , Calif.

Southern Calif. jk 13 
batholith

Sterling k 3 
batholith, R. I.

White Mountain, 8 5 
N. H., batholith

Percentage of allanite and rock type 

O.X O.CK O.OOX or less

1 grano- 2 grano- 
diorite diorites

3 quartz 
monzo- 
nites

1 granite 2 grano - 
diorites 

1 granite

1 grano- 
diorite

1 granite 2 granites 
1 quartz 
syenite

3 grano- 
diorites

1 granite

7 grano- 
diorites 

1 quartz sye 
nite 
1 quartz mon- 
zonite

2 granites

1 granite

METAMICTIZATIQN

Brogger (1893) in proposing the term metamict for certain rare-earth 

minerals suggested, "«».The reason for the amorphous rearrangement of the 

molecules might perhaps be sought in the lesser stability -which so com 

plicated a crystal molecule as that of these minerals must hare in the 

presence of outside influences."!./ He implied that the rare-earth minerals 

 were so complex as to preTent them from being permanently combined in the 

crystalline state *a definition no longer accepted.

T/ translated by A. Pabst (1952, p» 138).
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Bes Cloizeaux and Bamour (i860) noted that isotropic aULanite became 

birefringent upon heating and showed that both the isotropie and bire 

fringent allanite existed both anhydrous and hydrated*

Goldschmidt and 0!homassen (192^) describe the alteration of rare- 

earth minerals from the crystalline to the glassy state. The conclusion 

is reached that the important factor is the weak chemical bonding between 

rare earths and weak acids (silicic, tantalic). Goldschmidt proposed that 

in order for metamictization to take place the crystal lattice must hare a 

weak enough ionic structure to permit decomposition and hydrolysis. Also, 

he proposed that it is necessary that radiation provide the energy to 

discharge the ions of the rare-earth elements. This radioactivity could 

be either from within or from without the crystal. Metamictization would 

thus occur as the ionic bond breaks by hydrolysis, and the lattice becomes 

isotropic,

Ellsworth (1925) states that "...all minerals containing UQs auto 

matically oxidize themselves at a rate depending on the rate of uranium 

and thorium decomposition."

Hata (1939) in describing the weathering of allanite reports the 

altered portions as being conspicuously high in thoria and conspicuously 

low in the rare earths, as compared with the fresh part of the same mineral* 

As the result of leaching studies, Hata concluded that the alteration is 

likely to take place when the ratio of FesQ3 to AlsQs is le&B than 1.3 and 

the content of thoria is more than 1,5 percent. The other variables and 

the relative proportions of the rare earths were found to have no influence 

on the alteration.

Ueda and Korekawa (195^) suggest that the metamictization of allanite 

is due to the repeated expansion and quenching of the lattice, resulting
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In the formation of an aggregate of several phases in both the crystal 

line and amorphous state,

Allanite shows various degrees of metamictizstion and, in the extreme 

cases of some pegmatite specimens, approaches isotropism* !Eae alteration 

of the allanite is suggested to be due to radiation from the uranium and 

thorium components which breaks the ionic bonds and permits the entry of 

water into the lattice of the mineral.
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